OBJECTIVE: Critical stages in childhood are suspected for adult obesity. We sought to identify (i) whether risk of adult obesity is influenced by childhood socioeconomic conditions in addition to those in adulthood; and (ii) whether conditions in childhood act independently or through their association with education or parental obesity. DESIGN: Longitudinal, 1958 British birth cohort. SUBJECTS: A total of 11 405 men and women followed to age 33 y. MEASUREMENTS: Social class at birth and ages 7, 11, 16, 23 and 33 y. Obesity (BMIX30) at age 33 y. RESULTS: Social class was related to obesity, cross-sectionally at ages 16 (women), 23 and 33 y, but not at younger ages. In analysis of adult obesity (age 33 y) and social class at five life stages, class at age 7 y significantly predicted obesity for women (adjusted odds ratio (OR) ¼ 1.31, that is, the odds increased by 31% for each decrease in social class). For men, class at birth and age 23 y predicted adult obesity (adjusted OR ¼ 1.19 and 1.16, respectively). Education was also associated with adult obesity, increasing the odds by 30% (men) and 35% (women) for each decrease in qualification level. Adjustment for education level and parental BMI did not abolish the effect on adult obesity of class at age 7 y among women, nor of class at birth among men, while class at age 23 y reduced to borderline significance. CONCLUSIONS: Cross-sectional associations for social class and obesity can be misleading and obscure effects of childhood socioeconomic conditions. Influences around birth to age 7 y have a long-lasting impact on the risk of adult obesity.
Introduction
Several childhood factors are suspected to influence the development of obesity, 1 although the factors generally considered to be important, namely dietary intake and physical (in)activity, are inherently difficult to measure. Thus, many studies rely on indicator variables, such as birthweight, height and socioeconomic position to investigate the role of childhood factors on adult health. [2] [3] [4] The relation between obesity and socioeconomic position measured at different life stages is therefore of interest in this context. In the Health Survey for England, 14% of women in social class I (professional occupations) are obese, increasing to 25% in class V (unskilled manual). 5 As in other developed countries, no consistent trends are seen for men or children. 6 But in several longitudinal studies, social position is negatively related to adult obesity in both sexes, and the effect is generally more pronounced for class of origin than for adult social position. 7 While this implicates socioeconomic conditions in childhood, it is unclear whether particular childhood stages are more influential than others. We therefore investigate relation between obesity and socioeconomic position in both childhood and adult life. Given that obesity is related to parental obesity and to education, 1, [8] [9] [10] [11] our second aim is to establish whether socioeconomic conditions in childhood have an independent association with adult obesity. We use the nationally representative 1958 birth cohort study to examine crosssectional and longitudinal association. 
Methods

Sample
Measures
Height and weight were: (i) measured by trained medical personnel at 7, 11 and 16 y (subjects were weighed in underclothes to the nearest pound, height was measured to the nearest inch); (ii) self-reported in 1981 at age 23 y, (iii) measured at age 33 y (height was measured without shoes using a stadiometer reading to the nearest centimeter and weight was measured in indoor clothing using Salter portable scales). Reported heights at age 23 y were checked to detect errors; 13 these reports agree with a national study in which measurements were obtained. ). The 90th percentile for BMI of the cohort was used as an arbitrary cutoff to define the fattest group to achieve adequate statistical power, with values as follows:
Obesity at age 33 y was defined as BMI (kg/m 2 ) X30 according to WHO recommendations. 15 Pregnant women at age 33 y (n ¼ 256) were excluded from analyses. Heights and weights of parents were self-reported when cohort members were aged 11 y in 1969. Social class (Registrar General's classification) was used to represent socioeconomic conditions at different ages, based on the father's occupation at the time of the cohort member's birth, and when s/he was 7, 11 and 16 y; and on the cohort member's own occupation at ages 23 and 33 y. To avoid small numbers in extreme groups, the six Registrar General's categories were collapsed to four: (1) I and II (professional and managerial), (2) III nonmanual (unskilled), (3) III manual (skilled) and (4) IV and V (semi-and unskilled manual). Most subjects (91% men, 72% women) were classified using their current occupation and the remainder according to their most recent occupation. Educational qualifications at age 33 y, were: above 'Advanced' level (29% men and 26% women), 'Advanced' level or equivalent (24 and 10%), 'Ordinary' level or equivalent (24 and 36%), less than 'Ordinary' level (14 and 17%), and no qualifications (9 and 11%). These classifications are broadly comparable to US classifications: above high school diploma, high school diploma/grade 12, grade 10, less than grade 10 and no qualifications.
Data analysis
Initially, cross-sectional associations between fatness and social class were assessed in logistic regression analyses for each age separately, that is, at 7, 11, 16, 23 and 33 y. Social class was used as a continuous variable with values 1 (classes I and II), 2 (class IIInm), 3 (class IIIm) and 4 (classes IV and V). A linear model was appropriate for analysis of obesity and social class in this sample and the results were not sensitive to the values assigned to social class. 11 All longitudinal analyses thereafter use obesity at age 33 y as the outcome. Associations were estimated between obesity and social class at each age. Before constructing models of social class effects on obesity at 33 y, it was important first to examine the correlation between class measures at different life stages. Correlations between child and adult social position were weak (ro0.3), and thus models with childhood and adult measures showed no collinearity problems. However, correlations between childhood measures were stronger, for example, r ¼ 0.73 for class at ages 11 and 16 y, and in order to avoid potential problems with multicollinearity it was necessary to test several models of childhood social class, omitting one age at a time. For example, in a model for women including only ages 7 and 11 y, the 7-y measure had a significant effect while the 11-y measure did not. Similarly, when modelling 7-and 16-y measures simultaneously, the 7-y measure again remained significant and the 16-y measure was not. After assessing a series of such models, we selected social class measures at birth, 7 and 16 y for presentation here. We confirmed that there was no effect of collinearity in the final models using an adaptation of the variance inflation factor for logistic regression. 16 In multivariate analyses, we examined the effect of childhood and adult social class simultaneously on 33-y obesity. Models were constructed taking into account the timing of the social class measures. Starting with childhood (birth, 7 and 16 y) we selected measures for ages that remained significant in mutually adjusted models, thereafter adding adult (23 and 33 y) measures of social class to the models. Next, we assessed associations with obesity of childhood and adulthood social class after adjustment for parental BMI (kg/m 2 ) and own education. For variables significant in the fully adjusted model, we found no significant interactions. We confirmed our results in analyses using social class as a categorical variable (data not presented).
Results
Cross-sectional association between fatness and social class are presented for several ages in Child to adult social conditions and obesity C Power et al 7 and 11 y, and among men, at age 16 y. A significant social class gradient was evident for women by age 16 y, with increasing prevalence of fatness from classes I and II to classes IV and V. Thereafter, during early adulthood, the social gradient was seen for both sexes. At age 23 y, for example, the risk of fatness increased by 38% (men) and 39% (women) for each increment in social position from classes I and II to classes IV and V. These associations suggest a predominant role for socioeconomic conditions in adulthood in the development of obesity and, conversely, that conditions in childhood are relatively unimportant for childhood fatness.
However, examining the data longitudinally in relation to adult obesity (affecting 10.8% of men and 12% of women at age 33 y), social class shows significant associations with each age during childhood (Table 2) . Associations for class at birth for men (unadjusted odds ratio (OR) ¼ 1.27) and at age 7 y for women (OR ¼ 1.38) were most marked, although effects weakened slightly after allowing simultaneously for other ages in childhood. No independent associations persisted for other stages of childhood. The effect of class at birth (men) and age 7 y (women) also persisted in models with adult social class, which for men was also associated with obesity after allowing for childhood class (adjusted OR ORs based on regression slopes with social class as a continuous variable (social class ranges from 1 to 4 occupational categories, for the father during the childhood surveys, that is, birth to 16 y, and for the individual at 23 and 33 y). *P o 0.05, **P r0.01, ***Pr0.001. Child to adult social conditions and obesity C Power et al for age 23 y ¼ 1.16). Thus for men, class at birth and at age 23 y both predict adult obesity, with comparable effects of each age and no significant interaction. A slightly different pattern emerged for women: the only substantial effect was for class at age 7 y.
We next examined whether parental obesity or educational level of the cohort member could account for the social class/adult obesity association. ORs for obesity by social class were modestly attenuated after adjustment for parental BMI (Table 3) . Education level was strongly related to obesity at age 33 y, with the highest rates for those with no qualifications (Figure 1 ). Class at age 23 y was of borderline significance after adjustment for education, but effects of class at birth for men and at age 7 y for women persisted (OR ¼ 1.22 and 1.28, respectively, Table 3 ). Finally, after adjustment for both educational level and parental BMI, a significant association remained for class at birth among men, the OR reducing from 1.35 to 1.18. A significant association also persisted for class at age 7 y among women (from 1.41 to 1.23). It should be noted that the association for education was nonlinear for women (Figure 1 ), but incorporating a quadratic term in the model did not affect results for social class.
Discussion
In this British cohort, social class in early life, at birth for men and age 7 y for women, showed a persisting effect on obesity at age 33 y: those from unskilled manual origins had the highest risk of obesity in adulthood. The estimate from this study is equivalent to an almost twofold difference in adult obesity between those with the lowest and highest social origins. This influence of childhood circumstances was not explained by parental BMI or by the individual's own social position or educational level in adult life. Our study therefore adds to previous studies suggesting that factors in early life affect the risk of adult obesity.
1,17-21
Strengths and weaknesses As in other epidemiological studies, we do not have a direct measure of body fat, but rely on BMI, with a cutoff of 30 kg/ m 2 , 15 identifying 10.8% of men and 12% of women as obese at age 33 y. BMI was also used to indicate childhood adiposity, which in cross-sectional comparison was categorised using the 90th percentile. The availability of data collected prospectively allows simultaneous investigation of socioeconomic position at multiple ages over three decades in a large nationally representative British sample. The findings therefore apply to contemporary young adults. Child to adult social conditions and obesity C Power et al
Social conditions in childhood
No social class trend in childhood obesity was evident in our cross-sectional analyses. This is consistent with many previous studies 6, 22 and with recent studies of British children. 23, 24 By early adulthood a social gradient had emerged, with increasing risk of obesity from professional/ managerial to unskilled manual classes. This corresponds to trends in other cross-sectional studies of adults, although usually only for women. 5 While these social trends from birth to age 33 y in the 1958 cohort suggest that class-related factors in adulthood have a predominant influence on adult obesity, the longitudinal relation suggest otherwise. Indeed a major finding of our study is that cross-sectional trends can be misleading, by obscuring important effects of childhood socioeconomic conditions on adult obesity.
Critical periods in the development of obesity?
A consistent pattern is now emerging in which the salience of childhood social position is recognised. 1 However, most if not all studies on the influence of child and adult social position, including our own previous studies of this cohort, 13, 25 represent the entire childhood period with one socioeconomic measure. Consequently, these studies cannot differentiate between stages in early life; yet, more than one developmental stage may have long-lasting effects. At least three periods in childhood have been proposed as critical for obesity, namely (1) gestation and early infancy, (2) the period of adiposity rebound (5-7 y), and (3) adolescence, 18 but some uncertainty exists on whether each or all of these are critical. 26 Our findings on the long-lasting impact of early life conditions shed some light on this issue. The associations for social class at birth (men) and age 7 y (women) are consistent with gestation/early infancy or the time of adiposity rebound being important periods during which factors might influence adult obesity. This interpretation is supported by previous work on this cohort, which showed that individuals from lower class origins gained more weight from childhood through to early adulthood than those from higher social classes. 13, 25 Evidence is also now growing for an influence of maternal smoking in pregnancy increasing offspring risk of obesity, which argues for prenatal effects. 27, 28 Less support is available here for adolescence being an important life stage, although we are unable to discount this possibility. It should be remembered that the cohort has a shared generational environment of increasing high-fat diets and reducing physical demands of work, home and travel. 29 Thus, for this generation, the effects of early life factors may well be conditional upon the environment in adolescence and adulthood.
Implications for social inequalities in obesity Social inequalities in obesity are observed at least among adult women within Britain, 5 and across developed countries, 6 and as seen here in the 1958 cohort. Our study suggests that this trend is due in large part to class-related factors in early life and that inequalities in obesity will not be explained by adult life factors alone. Consistent with this interpretation is one recent study in which inequalities in obesity among women were not explained by differences in adult lifestyles, namely physical activity, smoking and alcohol consumption. 30 
Specific factors
Although our study identifies early life as an important stage, it does not identify the specific factors involved in the development of adult obesity. The parent-offspring obesity relation is well established, yet it is only rarely that social position is examined taking this factor into account. 1 Our study suggests that the effect of social position in early life is not primarily a reflection of parental size. Education is clearly another important factor, 8, 9, 21 particularly since recent increases in the prevalence of obesity have been greater among those with lower educational levels than those with higher education. 31, 32 Not surprisingly, we found a strong trend in obesity by educational level, and this association appeared to underlie the relationship among men with adult social class. However, confounding by education failed to explain the relation for social class in early life. This directs our attention to factors in early life, such as prenatal growth, infant feeding, childhood diet and activity levels. Future research should therefore investigate early life environmental factors that might account for our findings.
